Animals usually are not willing to perform at levels, or for lengths of time, of which they should be maximally capable. In stating this, exercise performance and inferred capacity are gauged with respect to body size and the duration of particular levels of energy expenditure. In such relative terms, the long-term metabolic ceiling of ca. 7 times basal metabolic rate in challenged but energy-balanced individuals may be real and general, because greater performance over long periods requires larger metabolic machinery that is ever more expensive to maintain. Avian marathon migrants relying on stored fuel (and therefore not in energy balance) that work for 9 consecutive days at levels of 9-10 times basal metabolic rate are exceptional performers in terms of the 'relative expenditure' on 'duration of a particular activity' curve nevertheless. Here I argue that metabolic ceilings in all situations (energy balanced or not) have their origin in the fitness costs of high performance levels due to subsequently reduced survival, which then precludes the possibility of future reproduction. The limits to performance should therefore be studied relative to ecological context (which includes aspects such as pathogen pressure and risk of overheating), which determines the severity of the survival punishment of over-exertion. I conclude that many dimensions of ecology have determined at which performance levels (accounting for time) individual animals, including human athletes, begin to show physiological restraint. Using modern molecular techniques to assay wear and tear, in combination with manipulated work levels in different ecological contexts, might enable experimental verification of these ideas.
Introduction
By the time the team of Robert Falcon Scott died on the way back from a successful attempt to reach the South Pole in the cold Antarctic summer of 1911/12 (it was also a failed attempt to be there first), they had been man-hauling sledges for some 159 consecutive days, of which the last 60 were in exceptionally bitter cold. They covered a total distance of 2500km and expended an estimated total of 4.2 million kJ each. According to Noakes (Noakes, 2006; Noakes, 2007) this was 'one of the greatest human performances of sustained physical endurance of all time'. Scott's team, and other teams travelling across the Antarctic continent at the time (Noakes, 2006) , certainly spent far more energy than endurance runners and cyclists during famous lower latitude sporting events. However, it was the long duration that made the polar exertions so physiologically and psychologically demanding.
For valid comparisons we have to recalculate performance levels over intervals of, for example, 1day (Stroud, 1998) . Table1 makes clear that polar explorers, who expended 25-30MJ per day, always incurred substantial energy deficits. They ate only 60-70% of their daily energy requirements and, not surprisingly, lost about a kilogram every 4days. For this reason, Stroud (Stroud, 1987b) believes that starvation actually killed the men in Scott's party. In fact, Stroud and Fiennes almost killed themselves during their attempt to ski across the whole of Antarctica in 1992/93 (Stroud, 2004) . Before their eventual rescue they had lost over 20kg each. Although humans can endure several days of heavy physical exercise with limited food rations (Guezennec et al., 1994; Hoyt et al., 2006) , by day 95 of the expedition Stroud and Fiennes showed considerable reductions in muscle power, reductions that were linked to marked decreases in cytoplasmic and mitochondrial enzyme activities (Stroud et al., 1997) . Two other studies on endurance exercise levels that approach or exceed those of the Arctic explorers, on Tour de France cyclists (Westerterp et al., 1986) and Swedish cross-country skiers (Sjodin et al., 1994) , respectively, show somewhat smaller deficits, or even complete energy balance. The data for the Swedish skiers (Table1) suggest that an adult human male who expends 30MJ per day must be close to his 'metabolic ceiling', i.e. the maximum energy output that can possibly be sustained by an organism that eats enough to stay in energy balance.
The energy expenditure of the sled dogs that in 1911/12 successfully pulled the team of Roald Amundsen from the Antarctic rim to the South Pole and back over a period of 97 days was reconstructed to be approximately 21MJday -1 (Orr, 1966; Pugh, 1972; Campbell and Donaldson, 1981) . Although this is a high level, Alaskan sled dogs racing for 70h in bitter cold conditions expended twice that much [47MJday -1 (Hinchcliff et al., 1997) ]. This expenditure, however, comes with considerable costs, including the death of dogs during the races. The level of performance asked from these dogs, even when trained, has led to gastric ulcers and increased intestinal permeability (Davis et al., 2005; Davis et al., 2006) , as well as some degree of muscle damage (Hinchcliff et al., 2004) .
Ever since Krogh (Krogh, 1916 ) started measuring metabolic rates of animals -that is, the metabolic rate of homeotherms under standardized conditions: inactive, in the thermoneutral temperature zone, and in the absence of digestion, growth, moult, ovulation or gestation -animal physiologists have used this strictly defined level of energy expenditure, the basal metabolic rate or BMR, as the yardstick for comparisons between different activity levels within and between species (King, 1974; McNab, 2002) . In effect, the use of BMR as the yardstick for comparisons between individuals, species and ecological contexts McKechnie et al., 2006) , as I will do repeatedly in this perspective, amounts to accounting allometrically for body size-related variation in the levels of energy expenditure under the assumption of identical slopes -on body size -of BMR and whatever expenditure level it is compared with [see Calder (Calder, 1984) and Peters (Peters, 1983) for two classic treatises using this approach, and Karasov and Martínez del Rio (Karasov and Martínez del Rio, 2007) for a modern review of the ideas].
Although BMR of humans varies widely as a function of size, sex and age (e.g. Henry, 2005; Froehle and Schoeninger, 2006; Wouters-Adriaans and Westerterp, 2006) , and it may even vary within individuals (Johnstone et al., 2006 ), Henry's (Henry, 2005) compilation of 10,552 human BMR values suggests that for an athletic Caucasian man, a BMR of 6-7MJday -1 would represent a fair estimate. On this basis, polar explorers would have lived at a level of ca. 4 times BMR (Table1), whereas the well-fed athletes taking part in the Tour de France and cross-country skiing would have exceeded this level and probably came closer to 5 times BMR.
What do metabolic ceilings represent?
Realizing that maximal effort by hard-working animals may well reflect a compromise between physiological capacity (maximal physical output) and the 'willingness' to incur elevated mortality risks due to short-and long-term consequences of increased performance, Drent and Daan (Drent and Daan, 1980) introduced the concept of 'maximal sustained working levels', the aerobic capacity for work of animals limited by evolutionarily shaped physiological constraints (expressed as multiples of BMR; Fig.1 ). In this concept, animals that ignore this 'physiological warning level' would lose body condition and face precipitous increases in mortality risk. A similar evolutionary concept was earlier formulated by Royama (Royama, 1966) . He called it the 'optimal working capacity', defined as the energetic performance level of parents beyond which they would suffer from increased risk due to physical fatigue, infection and predation. Summaries of the available literature following Drent and Daan (Drent and Daan, 1980) have confirmed that only a small proportion of the published ratios between sustained metabolic rate and BMR of birds and mammals, examined in situations where they work hard, are higher than 5 (Bryant and Tatner, 1991; Hammond and Diamond, 1997; Speakman, 2000) . A 'sustained metabolic scope' of 5 may therefore represent a reasonable first guess at a maximal physiological working level of seriously challenged animals that still maintain energy balance.
Peterson and colleagues (Peterson et al., 1990) were the first to draw a representation of the empirical finding that the longer an T. Piersma (Speakman, 1997a) ]. However, the value for the 70day South Pole expedition is based on an energy balance evaluation. All values for Scott's party were estimated. In view of the uncertainties around each of the estimates, values presented are rounded to the nearest MJ. Human subjects tend to underreport their own food intake; where such effects were most obvious, reported energy intake estimates are minima. (Drent and Daan, 1980) indicated that what they called 'maximum sustained working level' of parent birds tending nestlings usually approached values close to 4 times basal metabolic rate, a level also achieved by humans doing heavy labour such as lumberjacks (Brody, 1945) . Their bird data referred to longeared owls Asio otis (Wijnandts, 1984) , house martins Delichon urbica (Bryant and Westerterp, 1980) , starlings Sturnus vulgaris, glaucous gulls Larus glaucescens and turtle doves Streptopelia risoria (Brisbin, 1969) . Cartoon reproduced with permission. Ecology of physiological restraint activity is maintained, the lower the possible power output can be, with a decline towards some asymptotic value that is only a few times BMR (Fig.2 ).
[Note that what is done here, to enable comparisons between individuals, species and ecological contexts, is to account for the duration of a certain level of energy expenditure (in addition to body size, accounted for by BMR).] Relying on anaerobic metabolism, humans and other vertebrates can achieve energy expenditure levels up to 100 times BMR for a few seconds (Bennett and Ruben, 1979) . This should just be enough to outrun or outfly a predator, which after all faces the same physiological problem: the build-up of 'toxic' levels of lactic acid during anaerobic ATP production. Still, exercise-trained animals may maintain energy expenditure levels of 20-30 times BMR for many minutes (Schmidt-Nielsen, 1984) , though activity levels maintained for an hour or more rarely exceed 15 times BMR. Exercise physiologists have developed different experimental procedures to assay metabolic peak performance. For example, they may expose animals to severe thermoregulatory demands until they show a decrease of core temperature (yielding a measure called summit metabolic rate) (e.g. Swanson, 1993; Chappell et al., 2003; Swanson and Liknes, 2006; Vézina et al., 2007; Wiersma et al., 2007) or they may chase them for several minutes on treadmills or in running wheels to the point of exhaustion while measuring oxygen consumption (a measure called maximal metabolic rate or V O2 , max ) (see Chappell et al., 1996; Chappell et al., 1999; Chappell et al., 2007; Bishop, 1999; Bundle et al., 1999; Hammond et al., 2000) . In many such studies, BMR is measured in the same individuals, but even then factorial scopes (i.e. multiples of BMR) vary a lot. Averaged for different age or sex categories or species, summit and maximal metabolic rates usually fall between 5 and 10 times BMR (Fig.2) . Actually, these values seem rather low given the short intervals (minutes rather than hours) over which such peak performance measurements are made.
Another interesting point is that, although both exercise-and cold-induced metabolic rates strongly involve skeletal muscle work (in running and shivering, respectively), animals tend to have higher factorial scopes for exercise-induced power output than for cold-induced power output (Hinds et al., 1993) . In birds, exerciseinduced scopes are higher than cold-induced scopes (Dawson and Marsh, 1989; Hinds et al., 1993) , but in some small mammals coldinduced factorial scope is higher than exercise-induced scope (Chappell et al., 2003) . Although it is unlikely that differences between birds and mammals are due to them carrying different amounts of muscle for locomotion [in both groups skeletal muscle represents 40-45% of body mass; see p. 20 of Calder (Calder, 1984) ], depending on the ratio between the great and small flight muscles (Piersma and Dietz, 2007 ) some species of birds may be able to have a higher shivering capacity than others (Hinds et al., 1993) . However, mammals, but not birds, can use 'brown fat' to generate heat for thermogenesis (i.e. 'non-shivering thermogenesis') (see Cannon and Nedergaard, 2004; Morrison et al., 2008) . With their two channels of heat generation, mammals achieve high cold-induced factorial scopes.
Experimental measurements of the cost of bird flight carried out in wind tunnels over many hours (Pennycuick et al., 1997; Kvist et al., 2001; Ward et al., 2004; Engel et al., 2006; SchmidtWellenburg et al., 2006; Schmidt-Wellenburg et al., 2008 ) also vary widely, but gravitate toward values around 9 times BMR (Videler, 2005) . Migrating shorebirds have the capacity to process food and store fuel at fast rates (Kvist and Lindström, 2003) related to them usually being in a hurry and because they make such long-distance flights. They are in a hurry because they need to get to the Arctic breeding grounds in good time (Gudmundsson et al., 1991; Drent et al., 2003) , or because getting back early to their southward staging areas or wintering grounds is beneficial (Zwarts et al., 1992; Alerstam, 2003) . During long-distance flights of many thousands of kilometres, shorebirds spend the equivalent of 8-10 times BMR (Pennycuick and Battley, 2003; Gill et al., 2005) . In the course of such non-stop flights shorebirds not only deplete much of their fat store but also lose protein, due to atrophy of organs in the body cavity and even the working flight muscles (Piersma and Jukema, 1990; Battley et al., 2000) . Developments in satellite transmitter technology have recently made it possible to establish that such performance levels are maintained for at least 9days in bar-tailed godwits Limosa lapponica (Gill et al., 2009 ). On the basis of reconstructed fat and protein losses during such flights, the godwits would be flying at energy expenditure levels of about 9 times BMR (Gill et al., 2005) . This level is consistent with modern wind tunnel data, but still curiously high compared with the trendline (Fig.2) . It is almost double the long-term level for sustained metabolic rate in hard-working mammals and non-flying birds, yet takes place over similar lengths of time.
Proximate constraints on metabolic ceilings
Obviously, long-distance migrants are not in energy balance. They do not eat during the flight, but deplete the sizeable stores of fat and protein that are accrued before they take off (Piersma and Gill, 1998; Gill et al., 2005) . Indeed, despite showing evidence of remarkable protein saving (Jenni and Jenni-Eiermann, 1998) , such migrant shorebirds not only empty their abdominal and subcutaneous fat stores but, with the exception of lungs and brain, also burn up belly organs and other proteinaceous tissues in flight (Battley et al., 2000) . . Unlike basal metabolic rate, the power output of exercising animals is a negative function of the duration for which the particular activity level is maintained. Inspired by Peterson et al. (Peterson et al., 1990 ), the energy expenditure levels in this figure were compiled from Drent and Daan (Drent and Daan, 1980) , Dawson and Marsh (Dawson and Marsh, 1989) , Hammond and Diamond (Hammond and Diamond, 1997) , Chappell et al. (Chappell et al., 1999; Chappell et al., 2003; Chappell et al., 2007) , Videler (Videler, 2005) , Vézina et al. (Vézina et al., 2006) and Gill et al. (Gill et al., 2005; Gill et al., 2009) . Note that, in particular, cold-induced summit metabolic rate and exercise-induced maximal metabolic rate can vary a great deal among individuals, species and higher taxonomic levels.
When one builds bigger bodies to ingest, absorb, excrete and do work, the expanding machinery requires ever more energy for maintenance (Kersten and Piersma, 1987) . Such increases in maintenance requirements will be reflected by increasing BMR levels (Piersma et al., 1996) . A summary of the early studies on mice whose energy expenditure had been elevated in a variety of ways shows BMR to go up with sustained metabolic rate (Fig.3A ). This effect comes with an increase in body mass, due to hypertrophy of the liver, digestive tract and mammary glands (Hammond et al., 1994; Speakman and Johnson, 2000; Johnson et al., 2001) . As a consequence of having put in place increasingly powerful machinery, factorial scope (the ratio between sustained energy expenditure and BMR) climbs to an asymptote of about 7 times BMR ( Fig.3B ) (Hammond and Diamond, 1997) , and there is no reason to think that this model would not hold for other animals, including (shore)birds. One reason that long-distance migrant shorebirds that are not in energy balance may exceed this level is that during flight their metabolic machinery for food processing and nutrient processing can be kept quite small (Piersma and Gill, 1998) .
In the course of their study on metabolic ceilings in mice, Król and Speakman (Król and Speakman, 2003a; Król and Speakman, 2003b) concluded that performance in lactating mice must be limited by the capacity of female mice to dissipate heat, as under colder conditions -increased heat loss -milk production also went up and so did the mass of pups at weaning. They put this to the test by shaving some mice during lactation (Król et al., 2007) : shaved mothers ate more and had heavier litters with heavier individual pups. That rates of heat loss best explain the limits to aerobic performance in lactating laboratory mice, which only push up their metabolic ceilings when it is cold enough or when insulation is poor enough, does not detract from the fact that mouse mothers can only do this by building a bigger body, a bigger metabolic machine. Thus, they still face a maximum factorial scope of 7.
Król and Speakman recognized, and then garnered, a suite of empirical data to bear on their idea (Speakman and Król, 2010a; Speakman and Król, 2010b) , that the problem of heat dissipation is probably rather general and is likely to constrain metabolic performance in many ecological contexts. Apart from the wellknown link between high temperature, solar radiation and humidity and the reduction in milk production in dairy cattle (Thompson, 1973; King et al., 2006; Nassuna-Musoke et al., 2007) , sheep Ovis aries (Abdalla et al., 1993) and pigs Sus scrofa (Black et al., 1993; Renaudeau and Noblet, 2001) , heat dissipation limitations might help explain latitudinal and altitudinal trends in clutch sizes of birds (larger where it is colder) (Bohning-Gaese et al., 2000; Cooper et al., 2005) (but see McNamara et al., 2008) . It could also provide a reason why humans, one of the few mammals that can sweat profusely, are able to outrun pretty much any running game in the midday heat (Heinrich, 2001) . And it could help explain why long-distance migrant birds tend to fly in cool air at night (Klaassen, 1996) , and why fuelling rates of migrant shorebirds are so low in the tropics Piersma et al., 2005) .
Protecting long-term fitness assets: the evolution of laziness
If animals are pushed hard, under some conditions (e.g. when enabling greater heat loss), they can raise the ceiling from working at 5 times BMR to working at 7 times BMR. As we have seen, human endurance athletes in energy balance can push their performance levels to 5 times BMR, but not further. We have also seen that free-living birds, except in the case of the marathon migrants, generally do not work harder than this either. The considerable gap between the maximum sustained working level of 4 or 5 times BMR that hard-working parent birds are prepared to give (Drent and Daan, 1980) and the physiological maxima of 7-10 times BMR that can be achieved under exceptional conditions makes evolutionary sense if working hard comes at a survival cost (Valencak et al., 2009) . My reading of the literature suggests that any kind of hard work, perhaps above taxon-(or rather, ecology-) dependent thresholds (Speakman et al., 2002; Speakman, 2005; Furness and Speakman, 2008) , comes with wear and tear. A precipitous increase in the likelihood of organ or performance failure, and mortality associated with increases in energy expenditure (Ricklefs, 2008) , would explain why animals are reluctant to habitually spend as much as they are physiologically capable of (Valencak et al., 2009) ; that is, if such precipitous increases the likelihood of death are not compensated for by increases in reproductive output (Williams, 1966; Lessells, 1991; Daan and Tinbergen, 1997) . Evolutionary trade-offs would then select for animals that are not prepared to work harder than what we heuristically called the optimal working capacity (Fig.4 ) (Royama, 1966) . On the basis of field data on provisioning birds, optimal working capacity is seldom higher than 5 times BMR and is mostly lower (Drent and Daan, 1980; Bryant and Tatner, 1991; Tinbergen and Dietz, 1994) . Speakman (Speakman, 1997b) found the same in small mammals, stating that these animals 'routinely live their lives at well below their physiological capacities, in the same way that we drive our cars at well below their mechanical capacities'.
There seems abundant evidence that animals, even when confronted with challenges such as experimentally increased brood sizes that might gain them more offspring, are simply not prepared to work harder than 5 times BMR or, indeed, harder than necessary T. Piersma . How the laboratory mouse equivalent of basal metabolic rate (BMR) goes up with experimentally increased levels of energy expenditure due to hypertrophy of various organ groups (A), and how simultaneously the factorial scope of sustained energy expenditure on BMR reaches plateau levels of ca. 7 times BMR (B). Adapted from Hammond and Diamond (Hammond and Diamond, 1997) . Ecology of physiological restraint (Masman et al., 1988) . Nevertheless, only a few experiments have demonstrated that 'increased daily work precipitates natural death'. An important example is the study by Daan and colleagues (Daan et al., 1996) with that very title, in which they analysed time till death of 63 free-living European kestrels Falco tinnunculus that had raised broods with manipulated sizes. They demonstrated that kestrels with larger broods incurred increased mortality the following winter compared with those with normal or reduced brood sizes (Fig.5 ). This would explain why kestrels are quite unwilling to spend much more than 500kJday -1 , or 4 times BMR (Deerenberg et al., 1995) .
Experiments with insects confirmed these trends. When honey bee workers Apis mellifera were forced to fly with extra loads and work really hard, they showed decreased life spans (Wolf and Schmid-Hempel, 1989) . When house flies Musca domestica were prevented from flying by keeping them in small flasks, so that their energy expenditure decreased, they had increased life spans (Yan and Sohal, 2000) . Interestingly, extra work load experiments on laboratory rats and various kinds of mice have yielded equivocal results (Holloszy and Smith, 1986; Navarro et al., 2004; Speakman et al., 2004; Selman et al., 2008; Vaanholt et al., 2009) . Basically, experimentally elevated rates of daily energy expenditure did not shorten lifespan.
Whether or not enhanced energy expenditure has life-shortening effects, there is still evidence that these rodents prefer to work at lower than maximum levels with regard to their metabolic investments in reproduction. Lactating mouse mothers challenged to work for food make the 'decision' not to work above a certain level -or indeed, to increase body mass as required for maintaining metabolic machinery -even though this results in a decrease in milk energy output and thereby the biomass of weaned litters ). Perrigo (Perrigo, 1987) observed that two wild-type mouse species differed in their willingness to work in supporting their offspring. He attributed this to their different life history strategies. While Mus musculus are opportunistic breeders capable of maintaining fertility whenever food is available, Peromyscus maniculatus are strictly seasonal, and presumably face a higher opportunity cost of litter production. This species appeared more determined to save a smaller number of pups, even when this entailed working hard, when Mus mothers would already have abandoned their litters.
Earlier we encountered the elite cyclists who perform at very high levels during the three weeks of the Tour de France (Westerterp et al., 1986) (Table1) . Interestingly, in the Vuelta a España, a similarly demanding cycling race but a week shorter, total energy expenditure over the whole race was similar to that for the Tour de France (Lucia et al., 2003) . This suggests that when expending energy, humans, and probably other animals, account for time. Animals are only prepared to deliver a certain level of effort over certain time periods, a phenomenon called 'pacing' in the world of sports (Foster et al., 2005) . In the words of Tim Noakes (personal communication): 'Train hard when it is important, and rest when it is important. And don't confuse the two.' I suggest that the time spans over which the accounting of metabolic performance takes place in different animals could be a rich area of experimental biology. (Deerenberg et al., 1995) .
Towards an ecology of physiological constraint
Returning to marathon migrants, there should be good ecological reasons why bar-tailed godwits are prepared to work so hard for so long (note that their annual survival is also very high at >96%; P. F. Battley, personal communication). Gill and colleagues (Gill et al., 2009) proposed that, by making a non-stop trans-Pacific flight, godwits not only minimize the time and energy allocated to migration but also minimize the risk of mortality from predators, parasites and pathogens. Bar-tailed godwits and other shorebirds appear to have been selected to work routinely as hard, and for almost as long, as the Arctic explorers. They also deplete their bodies to the same extent. By making a living along the edges of our planet, so to speak, in places that some parasites, pathogens and predators have not been able to reach (e.g. Piersma, 1997; Piersma, 2003; Mendes et al., 2005) , godwits may exploit ecological conditions that do not make them pay the price (of enhanced subsequent mortality) that usually comes with very hard work.
Free-living animals are resistant to experimental manipulations to increase their instantaneous work levels, for what we can now see (as explained at length above) are sound reasons. Unless some mechanistic shortcuts are found to the actual expenditure decision processes (e.g. Speakman and Król, 2005) , it will be impossible to verify experimentally the optimality model of Fig.4 along the whole range of work levels. Nevertheless, it seems likely that within taxa, the 'death on working level curves' would be determined by ecological conditions, e.g. the general environmental or social stress levels that have become known as 'allostatic loads' (McEwen and Wingfield, 2003; Wingfield, 2005; Rubenstein, 2007) , food abundance (Lane et al., 2010) , the levels of pathogens in the environment (Piersma, 1997) , or the incidence of heat stress (Speakman and Król, 2010a; Speakman and Król, 2010b) .
Such variations suggest that there is scope for studies in which relationships between energy expenditure levels and survival are studied, either in a strict comparative context (comparing relationships in groups with different environments) or in experimental contexts (by additionally manipulating aspects of the environments in which the expenditure-survival relationships are studied). During such endeavours it remains important to pay attention to constraints other than work level, especially time limitations, that may prevent animals from eating for long enough to keep up with the high energy expenditure (Tinbergen and Verhulst, 2000; Kvist and Lindström, 2000) . When interpretable aspects of the ecological context can be linked to maximal performance, or rather to the relationships between experimentally manipulated work levels and both reproduction and survival (Fig.4) [see Bouwhuis et al. for a possible field setting (Bouwhuis et al., 2009 )], we may achieve deeper levels of understanding of the selection factors driving the height of metabolic ceilings.
As a first suggestion, and by way of example, if the shortening of telomeres (a molecular DNA-based marker of ageing cells) could be shown to reliably reflect the wear and tear that comes with working hard at an individual level (Epel et al., 2004; Hall et al., 2004; Haussmann et al., 2005; Salomons et al., 2009) , differences in telomere-shortening rates between and within individuals (entertaining experimentally manipulated expenditure levels in different ecological contexts) should be measured. If telomereshortening rates could then be brought in relation to fitness measurements, we would be working towards experimental verification of Royama's (Royama, 1966 ) concept of an optimal working level and the simple graphical incarnation of it (Fig.4) . It seems to me that such tests will provide nice bridges between ecology and physiology and evolution of the kind that environmental physiologists have so desperately been searching for since the days of Feder and colleagues (Feder et al., 1987) .
